A comprehensive and feasible model that delineates the interrelationships between knowledge assets and knowledge creation processes has not been explored in the literature. This study aims to fill this void. Unlike previous research, this study investigates the interrelations among four categories of knowledge assets and four knowledge creation processes -socialization, externalization, combination, and internalization (SECI) [9] . In our framework, we argue that different types of knowledge assets may have differing influences on knowledge creation. In order to test the feasibility of this framework, we conducted an empirical research exercise. This study employed a survey instrument to collect data from a wide variety of organizations in manufacturing, trade, transportation and service industries, computer industries, finance, and academic institutions. A total of 204 usable responses were analysed. We identified four interrelationships from this study. (1) Compared to other knowledge assets, conceptual knowledge assets have a greater effect on externalization of knowledge creation process; (2) compared to other knowledge assets, routine knowledge assets have a greater effect on socialization of knowledge creation process; (3) compared to other knowledge assets, experiential knowledge assets do not have a greater effect on internalization of the knowledge creation process; and (4) compared to other knowledge assets, systemic knowledge assets do not have a greater effect on the combination of knowledge creation process. The implications of the study are discussed, and further research directions are proposed.
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Introduction
Given the crucial role of knowledge creation in contemporary business enterprises, a fundamental question arises: what processes are facilitating knowledge creation? Nonaka et al. [1] proposed a unified model of organizational knowledge creation. They argued that knowledge is created through the interaction and intersection between tacit and implicit knowledge, following four different modes of conversion: Socialization, Externalization, Combination, and Internalization (SECI). They further proposed that each mode of knowledge conversion is possible through the provision of appropriate firm-specific assets that are indispensable to create value for the firm. Although Nonaka et al. [1] proposed a comprehensive model that conceptualized the activities of knowledge creation, they only presented the guidelines that can purportedly facilitate knowledge creation at a high level of generality and did not provide concrete guidance for organizational design actions. In order to make knowledge creation more feasible and effective, it is important to identify the possible tools, contexts, or processes that may influence SECI. Therefore, we conducted an empirical research exercise to examine the possible contexts or designs that have an impact on knowledge creation.
According to Nonaka et al.'s [1] theory, knowledge assets (KAs) are the key elements that facilitate knowledge creation processes. According to their definitions, KAs are the inputs, outputs, and moderators of the knowledge-creating process. For example, trust among organizational members is produced as an output of the knowledge creation process, and at the same time it may moderate certain knowledge creation processes. They further categorized KAs into four different typesexperiential, conceptual, systemic, and routine KAs. According to their definition knowledge is dynamic, because it is created through social interactions among individuals and organizations. Knowledge is contextspecific, since the information becomes useful and meaningful knowledge only when it is given a context and interpreted by individuals. The above definitions seem to suggest that KAs may become the contexts of the knowledge-creation process or SECI.
Since the effectiveness of the knowledge creation process may be influenced by the contexts, we argue that different types of KA may have different impacts on SECI. The basic argument of this study is that the impact of a knowledge-creating process is moderated by the contexts in which the knowledge is being used. This research addresses the following question: what are the distinctive roles of experiential, conceptual, systemic, and routine KAs in facilitating knowledge creation?
Rationale
We argue that the effectiveness of a knowledge creation process depends on the circumstances under which it is used. In other words, we employ a contingency theoretic view, suggesting that knowledge creation processes are influenced by context. The focus is on one specific aspect of the context, namely the nature of the tasks performed by the individuals and groups using the knowledge resulting from the knowledge creation processes. According to Nonaka et al's [1] theory, knowledge assets play the role of facilitating knowledge creation. In order to achieve different types of task, people may employ different types of knowledge asset. Thus, it is most likely that people may achieve knowledge creation effectively provided that they adopt appropriate knowledge assets. This connection between knowledge creation and knowledge assets may possibly be derived from the task characteristics.
Nonaka et al's [1] theory, that knowledge assets play the role of facilitating knowledge creation, does not specify which type of knowledge asset facilitates which kind of knowledge-creating processes (SECI). In order to solve the aforementioned problem, we have developed a theoretical framework to explain the relationships among KAs and SECI in terms of task characteristics.
Two task characteristics are examined in this study-task orientation and task domain [2] . We argue that these task characteristics require different types of knowledge creation processes, which in turn implies that different knowledge assets would be required. Therefore, the main purpose of this study is to specify which kinds of knowledge assets facilitate different types of knowledge-creating processes.
Theoretical development

The nature of knowledge
According to the definition of Nonaka et al. [1] , knowledge is dynamic, because it is created through social interactions among individuals and organizations. Knowledge is context-specific, since the information becomes useful and meaningful knowledge only when it is given a context and interpreted by individuals. In summary, Nonaka et al. considered knowledge to be a 'dynamic human process of justifying personal belief toward the truth.' They further proposed a SECI model to represent the continuous and self-transcending processes that usually occur at both the micro and macro levels -an individual (micro) influences and is influenced by the organization with which he or she interacts.
The process of knowledge creation (SECI model), is through conversion between tacit and explicit knowledge. Socialization is the process of converting existing tacit knowledge into new tacit knowledge. It is usually achieved through sharing experience and interacting with other people within or beyond organizational boundaries. Externalization is the process of articulat-ing tacit knowledge into explicit knowledge. When tacit knowledge is made explicit, knowledge is crystallized, thus allowing it to be shared by others, and it becomes the basis of new knowledge. Combination is the process of converting explicit into more complex and systemic sets of explicit knowledge. Explicit knowledge is collected from inside or outside the organization and then combined, edited or processed to form new knowledge. Internalization is the process of embodying explicit knowledge into tacit knowledge. Through internalization, explicit knowledge created is shared throughout an organization and converted into tacit knowledge by individuals.
Nonaka's SECI model is sound and complete, so a lot of researchers have referenced this model to conduct further research. However, it did not specify how to facilitate the SECI process by adopting appropriate knowledge assets. Our study aims to fill this void. According to Spender's [3] theory, knowledge creation processes are influenced by the nature of the task. In order to perform different types of task, individuals or organizations adopt different types of knowledge creation processes. Therefore, individuals need to analyze the characteristics of tasks first. Then they may employ appropriate knowledge creation processes to solve the specific problems. In contrast, different types of knowledge asset may play a role in facilitating a task with specific task characteristics. As a result, we may adopt knowledge assets to facilitate knowledge creation in the most appropriate way. In other words, for a certain type of knowledge creation process to be fulfilled, we choose the most suitable knowledge assets. Two task characteristics are examined in this study: task orientation and task domain. We argue that these task dimensions require different types of organizational knowledge, which in turn suggests that different knowledge management processes are needed.
Knowledge assets and task characteristics
According to Nonaka et al's [1] theory, knowledge assets are the bases of the knowledge-creating processes. They defined assets as firm-specific resources that are essential to create competitive advantages for the firm. Nonaka et al. also proposed a theoretical framework to identify the relationships between knowledge assets and knowledge creation. However, this model only provides a high level of generality and does not suggest which type of knowledge assets may specifically facilitate which type of knowledge creation process. Therefore, instead of following the universalistic view that knowledge assets have the same impact on all four knowledge creation processes-socialization, externalization, combination, and internalization-we propose a contingency theoretic view, suggesting that the impact of a specific knowledgecreating process is influenced by a certain type of knowledge asset.
The basic argument is that the knowledge creation process a sub-unit should adopt depends on the nature of the tasks it performs. With the help of knowledge assets, individuals or organizations may perform a certain kind of task more easily. Therefore, in order to facilitate a certain type of knowledge creation process effectively, we have to adopt appropriate knowledge assets. After identifying the characteristics, we may specify the relationships between knowledge assets and the knowledge creation process according to the task characteristics.
Task characteristics -task orientation and task domain
Recent research in the field of strategic management and organization theory has focused on the concept of task orientation for differentiating firms and organizational sub-units within the firm [4] . Based on task orientation, organization sub-units have been classified into two basic categories: process-oriented and content-oriented. Content-oriented tasks focus on the specific goals to be fulfilled. They concern the specific features or functions of products to be produced. In contrast, process-oriented tasks focus on the processes or methods that should be used to develop the products. They concern issues such as how to perform the processes that are necessary to achieve the specific product design.
According to Kusonaki et al's [5] definition, task domains can be divided into focused and broad tasks. Sub-units performing focused tasks have low task variability but greater specialization, while sub-units performing broad tasks have greater task variability and greater need for collaborating and exchanging knowledge with other sub-units within the organization [4] . In order to perform tasks that are focused in domain, individuals need distinctive units of knowledge such as 'functional knowledge embodied in a specific group of engineers, elemental technologies, information-processing devices, databases and patents' [5] . They often require deep knowledge or knowledge that is highly specific in a particular area.
Performing tasks that are broad in domain relies primarily on dynamic interactions among people from different functional groups. In order to carry out tasks with a broad domain, individuals combine and transform their knowledge through communicating and exchanging across different areas of expertise. As Nahapiet and Ghoshal [6] suggest, 'Significant progress in the creation of intellectual capital often occurs by bringing together knowledge from disparate sources and disciplines. ' According to Nonaka et al's [1] theory, knowledge assets are the fundamental part of creating knowledge. Knowledge assets are firm-specific resources that may facilitate knowledge creation from both the static and dynamic perspectives. For the former, knowledge assets provide precious information and knowledge that is easy to share and articulate. Based on this information, individuals solve the problems and then develop new knowledge through the action of problem solving. From the dynamic perspective, knowledge assets provide a context, method, or environment that facilitates social interaction among individuals and organization to transform knowledge between tacit and explicit knowledge. For example, both the culture and mutual trust that encourage knowledge sharing may create new knowledge. By adopting appropriate knowledge assets, individuals may achieve knowledge creation effectively. Thus, it seems likely that knowledge assets may facilitate knowledge creation processes. Therefore, we have a first hypothesis: Hypothesis 1: the composite effect of knowledge assets is positively related to knowledge creation.
Another question concerning knowledge assets is: 'Does each type of knowledge asset provide the same impact on knowledge creation?' According to BecerraFernandez and Sabherwal's research [2] , the effectiveness of a knowledge management process depends on the circumstances under which it is used. Thus, in order to achieve certain types of tasks effectively, individuals may employ different types of knowledgecreating processes. We further analyzed the relationships between knowledge assets and task characteristics. The basic rationale for this is that tasks can be achieved by adopting appropriate knowledge assets. As a result, we claimed that knowledge-creating processes can be fulfilled effectively provided that appropriate knowledge assets are employed. Based on the above analyses, it is necessary to identify the relationships among four different types of knowledge asset and task characteristics. In order to categorize knowledge assets and identify their relations with knowledge creation processes, we have two basic arguments. (1) Knowledge assets are both inputs and outputs of the organization's knowledge-creating activities; and (2) The knowledge creation processes that a sub-unit should use depend on the nature of the tasks it performs. Therefore, in order to achieve effective knowledge creation processes, a sub-unit should adopt knowledge assets of an appropriate nature. It seems reasonable to categorize knowledge assets by the characteristics of the task. According to Spender's [3] definition, we adopt task orientation and domain to categorize knowledge assets. In addition, we identify their possible relations with SECI.
Experiential knowledge assets
Experiential knowledge assets consist of the tacit knowledge that is built through shared hands-on or working experience among employees. This knowledge can also be shared between the members of an organization and its customers, suppliers, and affiliated firms. Other examples of experiential knowledge assets are skills and know-how that are acquired and retained by individuals from their working experiences. There are four other types of experiential knowledge assets. The first one is emotional knowledge such as care, love, and trust. The second one is physical knowledge such as facial expressions and gestures. Energetic knowledge is the third type of experiential knowledge asset such as a sense of existence, enthusiasm, and tension. The last type is rhythmic knowledge such as improvisation and entrainment. The contents of experiential knowledge assets are tacit; therefore, they are usually difficult to grasp, evaluate, and trade. Since experiential knowledge assets are tacit in nature and are difficult to imitate, they play a critical role in gaining a sustainable competitive advantage for a firm.
From the above analysis, the main purpose of experiential KAs is to facilitate the tasks that have focused domain, because the main concern of experiential KAs is to share the skills and know-how of individuals. In addition, with the help of experiential KAs, the tasks that are process-oriented become easier to achieve. The reason is that experiential KAs provide know-how or procedural knowledge, which belongs to the category of process-oriented tasks. For example, experiential KAs include experiences, skills, care, trust, facial expressions, enthusiasm, tension, and so on.
According to Becerra-Fernandez and Sabherwal's [2] research, internalization is fulfilled when indivi-duals acquire knowledge by observing or talking to others. Thus it belongs to the focused task domain. In addition, internalization is the process of embodying explicit knowledge into tacit knowledge. Therefore, it is a process-oriented task. Since internalization may require individuals to achieve tasks that are processoriented and in the focused domain, and since the main purpose of experiential KA is to support process-oriented tasks in the focused domain, it seems reasonable to suggest that experiential KAs may facilitate internalization. Thus, we have a second hypothesis:
Hypothesis 2: compared to other knowledge assets, experiential knowledge assets have a greater effect on internalization.
Conceptual knowledge assets
Conceptual knowledge assets consist of explicit knowledge articulated through images, symbols and languages. They are the assets based on the perceptions held by customers and employees of the organization. For example, brand equity represents the perceptions of customers. Another example is concepts or designs, which are perceived by the members of the organization. Conceptual knowledge assets usually have tangible forms and are easier to articulate. Conceptual KA contains issues such as what products need to be developed and the specific design features that need to be incorporated in the products.
According to Becerra-Fernandez and Sabherwal's [2] definition, externalization is achieved when individuals try to demonstrate their knowledge through analogies, metaphors, or problem-solving systems. Through externalization, the individual makes the knowledge more agreeable and understandable to others in the group. This individualized procedure belongs to a focused task domain. In addition, externalization articulates explicit knowledge, thus the task orientation of externalization is contentoriented. Since conceptual KAs try to facilitate the tasks with low task variability but greater specialization (focused task domain), and with know-what or declarative knowledge (content-oriented), conceptual KAs are likely to benefit externalization. Thus, we have a third hypothesis:
Hypothesis 3: compared to other knowledge assets, conceptual knowledge assets have a greater effect on externalization.
Systemic knowledge assets
Systemic knowledge assets consist of systematized and packaged explicit knowledge, such as explicitly stated technologies, product specifications, manuals, and documented and packaged information about customers and suppliers. Legally protected intellectual properties such as patents and licences also fall into this category. Since systemic knowledge assets are visible and tangible, they can be transferred easily. Most knowledge management focuses on systemic knowledge assets, e.g. intellectual property rights.
A characteristic of systemic KAs is that they can be transferred relatively easily, since the task orientation of systemic KAs is explicit or know-what knowledge. In addition, systemic KAs facilitate dynamic interaction in which individual units of knowledge are combined and exchanged through communication and collaboration across different functional groups. The definition of combination is converting explicit knowledge into more complex and systemic sets of explicit knowledge. In order to convert the knowledge, explicit knowledge is collected from inside or outside the organization and then combined, edited, or processed to form new knowledge. Since combination is the process of manipulating declarative knowledge, the task orientation of combination is content-oriented. The characteristic of combination is the task that has greater task variability and greater need for working with other sub-units within or outside the organization. Therefore the task domain of combination is broad. We thus have a fourth hypothesis:
Hypothesis 4: compared to other knowledge assets, systemic knowledge assets have a greater effect on combination.
Routine knowledge assets
This type of asset consists of the tacit knowledge that is embedded and regulated in the actions and practices of a firm. Know-how, working practices, organizational culture, and organizational routines for carrying out day-to-day business are examples of routine knowledge assets. The task domain of routine KA is basically process-oriented, since the knowledge that routine KAs manipulate is know-how or procedural knowledge. In order to formulate routine KA [1] , organizational members share, integrate, and continuously exercise routine practices to form certain patterns of thinking and action. Since interaction and coordina-tion among organizational members is critical in conducting routine KA, the task domain of routine KA is broad.
Socialization is the process of creating new tacit knowledge through shared experiences. The knowledge that socialization is trying to formalize is time and space-specific such as craft, expertise, hands-on experience and so on. Since socialization manipulates procedural knowledge, its task domain is processoriented. In order to share the aforementioned tacit knowledge, socialization is achieved through informal social meetings, sharing mental models and mutual trust. Socialization is fulfilled by bringing together knowledge from differing sources and disciplines. Therefore the task domain of socialization is broad. We have the last hypothesis:
Hypothesis 5: compared to other knowledge assets, routine knowledge assets have a greater effect on socialization.
Research methodology and development
The basic rationale of this research is to specify which kind of knowledge asset is appropriate for which type of knowledge creation process. In order to identify the relationship between knowledge assets and knowledge creation processes, we adopted task characteristicstask orientation and task domain-to explain why a certain type of knowledge asset may be the most appropriate for facilitating a certain kind of knowledge creation process. Therefore, the independent variables contain the four types of knowledge assets -experiential, conceptual, systemic, and routine knowledge assets. The dependent variables are the four processes of knowledge creation.
Independent variables
There are four types of independent variable: (a) Experiential knowledge assets: this type of KA consists of the shared tacit knowledge that is built through shared hands-on experience among the members of the organization. In order to establish experiential KAs, employees are encouraged to share their hands-on experience, to express their emotional knowledge such as care, love, and trust. Employees are also encouraged to acquire and accumulate know-how through experience at work. Other types of experiential KAs include energetic knowledge such as a sense of existence and enthusiasm, and rhythmic knowledge such as improvisation. Because the experiential KAs are tacit and difficult to grasp, firms usually have to build their own knowledge assets through their own experiences. In addition, in order to maintain a sustainable competitive advantage, firms may communicate clearly the importance of protecting hands-on experience; (b) Conceptual knowledge assets: this type of KA consists of explicit knowledge articulated through images, symbols, and language. Conceptual KAs try to convert concepts or designs into explicit knowledge with the help of easily articulated methods, such as model, analogy, and metaphor.
For example, firms demonstrate the design criteria, characteristics of product, and brand equity by adopting images, symbols, and language. In order to establish conceptual KAs and embody design criteria, employees are encouraged to interact with other organizations (e.g. partners, customers) and exchange know-how. Employees are also encouraged to innovate and replace outdated knowledge.
Another example of conceptual KAs may be firms having teams devoted to promoting brand equity; (c) Systemic knowledge assets: this type of KA consists of systematized and packaged explicit knowledge, such as explicitly stated technologies, product specifications, manuals, and organized documents and information. In order to establish systemic KAs, firms usually create an information repository that contains well-organized and wellprotected information. This information repository also provides easy retrieval mechanisms for authorized employees and managers. Firms may adopt intellectual property rights to manage effectively their systemic KAs; and (d) Routine knowledge assets: routine KAs consist of the tacit knowledge that is routinized and 
Dependent variables
(a) Socialization: this is the process of creating new tacit knowledge through shared experiences [1] . Since tacit knowledge is usually difficult to articulate and grasp, it can be acquired only through face-to-face interaction or sharing experience. Socialization typically occurs in a traditional apprenticeship, where apprentices learn tacit knowledge or get hands-on experience from their mentors. Rotation helps employees understand the business from a multiplicity of perspectives [14] . This makes organizational knowledge more fluid and easier to realize. Cooperative project is a selforganizing team that contains members from different functional departments working together to achieve a common objective. This example demonstrates that socialization can be achieved by cooperation and interaction among members who work on the same project; (b) Externalization: This is the process of articulating and transferring tacit knowledge into explicit knowledge [1] . This process involves translating the tacit knowledge of customers or experts into easily understandable forms. According to Davenport and Prusak's research [14] , when firms wanted to extract tacit knowledge from employees for a repository, they chose some sort of communitybased electronic discussion or chat group. In order to achieve externalization, employees adopt groupware and other team collaboration tools which contribute to the benefit of all participants. Using an attractive metaphor and/or analogy is highly effective in fostering direct commitment to the creative process. Externalization is thus often driven by metaphor and/or analogy [9] ; (c) Combination: Firms collect explicit knowledge and then combine, edit, and process it to form new systemized and packaged explicit knowledge [1] .
Combination is a process of systemizing concepts into a knowledge system, such as databases and knowledge bases. Reconfiguration of existing information through sorting, adding, combining, and categorizing explicit knowledge can also create new knowledge. Databases, and repositories of a variety of information are possible examples [9] . Individuals exchange and combine knowledge through information technology, such as communication networks, Internet, and Intranet. The combination of explicit knowledge is most efficiently supported in collaborative environments utilizing information technology, such as Webbased access to data and on-line networks [13] ; and (d) Internalization: This is the process of embodying explicit knowledge into tacit knowledge [1] . Through internalization, explicit knowledge becomes the individual's new tacit knowledge base in the form of shared mental models or technical know-how. These knowledge bases are a valuable asset for individuals. Focused training with senior mentors and colleagues consists primarily of continuous exercises that stress certain patterns and the working out of such patterns [13] . Learning by observation, learning by doing, training, and exercises allow the individual to access the knowledge realm of the group and the entire organization [13] . Rather than teaching based on analysis, learning by continuous self-refinement through OJT (on-the-job training) or peripheral and active participation is stressed. Some believe that the most valuable and untapped knowledge is tacit. In order to make internalization possible, they seek to encourage and facilitate informal conversations and discussions. Thus, designing physical meeting spaces and conducting face-toface meetings may be essential for internalization.
Data
Data were collected from firms in Taiwan through a survey instrument. An initial version of the survey instrument was developed based on the theorygrounded operationalization of the various constructs. This version was subsequently revised through pretesting with academic and industrial experts in 'knowledge management processes. ' The instrument was further pilot tested with CIOs (Chief Information Officers) from different firms. The multiple phases of instrument testing and development resulted in a significant degree of refinement and restructuring of the survey instrument as well as establishing the initial content validity [7] . The responding firms represented a wide variety of organizations in manufacturing, trade, transportation and service industries, computer industries, finance, and academic institutions. The majority of the respondents held first degrees. There was an even distribution among the types and sizes of these organizations. Respondents were asked to indicate on a seven-point scale ranging from (1) strongly disagree to (7) strongly agree. A total of 204 usable responses were returned, providing a response rate of 40.8%. Given that the survey was unsolicited and the instrument quite complex, this response rate can be considered satisfactory and comparable to other studies in information science research. Table A1 in appendix summarizes salient sample demographics.
Results
Validity and reliability
Factor analysis using principal components factor analysis with factor extraction and VARIMAX rotation was conducted to examine the unidimensionality/ convergent and discriminant validity. The four commonly employed decision rules were applied to identify the factors [8] : (1) minimum Eigen value of 1; (2) minimum factor loading of 0.4 for each indicator item; (3) simplicity of factor structure; and (4) exclusion of single item factors. Reliability was evaluated by assessing the internal consistency of the indicator items of each construct by using Cronbach's a, which is shown in Table A4 (see Appendix). The results of factor analysis relating to unidimensionality/convergent validity are also shown in the Appendix. A joint domain factor analysis was performed, including all the items used to develop the research constructs. The result provides significant support for factorial/discriminant validity of the measurement scales (see Tables  A2 and A3 in appendix) .
The results of factor analysis and reliability relating to KAs and the SECI model are briefly described below: (1) KAs: as shown in Table A3 , knowledge assets are categorized in four types. The first one is experiential KAs, which are represented by 10 items. The main purpose of experiential KAs is to facilitate the tasks with a focused domain and process-orientation. Most of the contents of experiential KAs are tacit and abstract, such as know-how and experience. Experiential KAs also encourage individuals to demonstrate their emotional, energetic, and rhythmic knowledge such as care, love, trust, enthusiasm, and improvisation. The second type of assets is routine KAs. Ten items are employed to represent routine KAs, which consist of the tacit knowledge routinely embedded in the actions and practices of the organization. As shown in Table A3 , routine KAs provide mechanisms that facilitate interaction and knowledge exchange. In addition, routine KAs also encourage individuals to explore new expertise and learning. The third one is conceptual KAs. Conceptual KAs consist of explicit knowledge articulated through images, symbols, and language. As shown in Table A3 , conceptual KAs contain the mechanisms that facilitate and encourage the establishment of easy to grasp criteria such as design, product, and brand equity. Finally, 13 items were used to represent systemic KAs. These items consist of systematized and packaged explicit knowledge, such as product documents and databases. In addition, systemic KAs provide a protection mechanism that prevents inappropriate usage of knowledge either inside or outside the organization. As can be seen from Table A4 , the reliability of these four measures is at a satisfactory level. The mean values of these KAs are over 4.5, suggesting that, on average, the respondents believe that their companies provide enough KAs. (2) SECI: Fifteen items were used to represent various elements of knowledge creation. As shown in Table A2 , factor analysis of these 15 items was based on four factors: socialization, externalization, combination, and internalization. Socialization is the process of generating new tacit knowledge through shared experience [1] . Basically, it is more appropriate in dealing with the tasks that are broad in task domain and process-oriented in task orientation [2] . As  Table A2 indicates, the use of apprentices and mentors, rotation across different organizational units, and cooperative projects across directorates are possible methods to achieve socialization. Externalization is the process of articulating tacit knowledge into explicit knowledge [1] . Our findings suggest that groupware, collaboration tools, chat groups, discussion groups, metaphors, analogies as well as mechanisms for capturing and transferring expertise are helpful in perform-ing externalization. Combination is the process of converting explicit knowledge into more complex and systemic sets of explicit knowledge. With the help of databases and modern IT such as Internet and Intranet, information and precious experience are well-organized and easy to access, enabling individuals to achieve combination. Finally, internalization is the process of embodying explicit knowledge into tacit knowledge [1] . Our findings suggest that learning by doing and observation, on-the-job training, and face-to-face interaction to exchange know-how and experience are possible methods to fulfill the goal of internalization. As can be seen from Table A4 , the reliability of these four measures is satisfactory.
The mean values of the knowledge creation (KC) subconstructs are over 4.5, indicating that, on average, the correspondents believe that their companies provide SECI of knowledge-creating processes.
Correlation between KAs and KC
A key objective of this study is to provide a deep insight, with help from Nonaka et al.'s [1] knowledge assets theory and Nonaka and Takeuchi's [9] SECI model for knowledge creation, into a framework. This framework identifies the relationships among KAs (conceptual KAs, routine KAs, experiential KAs, and systemic KAs) and SECI. In order to identify their relationships, as shown in Table 1 , we conducted empirical research. We employed Pearson correlation, regression analysis, ANOVA, and canonical correlation analysis to examine the separate correlations. The first relationship we wanted to examine was the correlation among individual KAs and the composite effect on KC. Since there are four types of KA, we investigated their impact on knowledge creation separately. In order to fulfill this objective, we employed regression analysis. Before performing regression analysis, we had to identify the correlation between independent and dependent variables first. Thus, we used Pearson correlation to identify the correlations among four independent variables (four KAs) and the dependent variable (KC). The results shown in Table A5 indicate that these variables are correlated. Then, we performed regression analysis. The results in Table 4 suggest that all of the KAs have a positive impact on KC. Conceptual KAs have the most significant impact on KC, while Systemic KAs have the least significant effect, as indicated in Figure 1 . Then, we adopted ANOVA to examine the correlation between KAs and KC. KAs are an independent variable with four predictors: conceptual KAs, routine KAs, experiential KAs, and systemic KAs. The results shown in Table 3 indicate that the composite effect of KAs has a positive impact on knowledge creation.
The second type of hypothesis that we planned to examine was the correlation between individual KAs and KC (SECI). In order to achieve this objective, we employed canonical correlation analysis and regression analysis separately. Canonical correlation analysis is a multivariate statistical model that facilitates the study of interrelationships among sets of multiple dependent variables and multiple independent variables [8] . Since the purpose of this study is to specify which kind of knowledge asset is the most appropriate for facilitating which type of knowledge creation process, it seems appropriate to employ canonical correlation analysis.
The multiple independent variables are four different types of KA. On the other hand, SECI represents four different dependent variables. Two important assumptions of canonical correlation analysis are multivariate normality and linearity. Checks of these statistics suggest that our study is not significant departed from them. According to the theory of canonical correlation analysis [8] , the maximum number of canonical variates (functions) that can be extracted from the set of variables equals the number of variables in the smallest data set, independent or dependent. There are four dependent and independent variables in our study. As a result, we derived four canonical functions as shown in Table A7 . Multivariate tests of both functions are also simultaneously performed. Table A6 demonstrates the calculation of the redundancy indices for the canonical functions. Based on tables A6 and A7, we drew the path diagram of canonical correlation analysis in Figure 2 . Table A7 , two of the four canonical variates have statistical significance (p<0.05). The second one is the magnitude of the canonical correlation. We employed canonical loadings to represent the correlation between each input variable and its own canonical variate. In addition, the average amount of shared variance explained by the canonical variate is represented as 'average loading squared.' Given the high 'average loading squared' of case 1 for both dependent and independent variables, and the high factor loading in Table A6 , it seems reasonable to assume the correlation between KAs and KC, especially for routine and conceptual KAs. The last one is the redundancy measure for shared variance. A redundancy index provides a summary measure of the ability of a set of independent variables to explain variation in the dependent variables. As indicated by Table A6 and Figure 2 , the redundancy index is sufficiently high to predict the correlationships between KAs and KC. Therefore, it seems logical to assume the correlation among internalization, externalization, socialization, and combination and four different types of KAs respectively.
The main objective of our study is to specify which kind of knowledge asset is most appropriate to facilitate which type of knowledge creation process. We employed multiple regression to predict the most appropriate KAs for facilitating each of the SECI processes: (a) Correlation between KAs and internalization (hypothesis 2): the results of stepwise regression shown in Table A8 indicate that the conceptual KAs are the best predictor of internalization (dependent variable). In addition, both the condition index and variance proportions are below the threshold value [8] , indicating that the collinearity or multicollinearity of the multiple regressions is low. Thus, we reject hypothesis 2; (b) Correlation between KAs and externalization (hypothesis 3): as shown in Table A9 , the results suggest that the conceptual KAs are the most appropriate predictor of externalization. The condition index and variance proportions are also low, indicating that the effects of collinearity or multicollinearity are relatively insignificant. We therefore substantiate hypothesis 3; (c) Correlation between KAs and combination (hypothesis 4): from Table A10 , it seems that the experiential KAs are the best predictor of combination. From the value of condition index and variance proportions, it seems that the effects of collinearity or multicollinearity are not significant. Thus, it seems likely hypothesis 4 is rejected; and (d) Correlation between KAs and socialization (hypothesis 5): The results of Table A11 imply that the routine KAs provide the best prediction for socialization. In addition, the values of condition index and variance proportions indicate the collinearity or multicollinearity problem of this regression analysis is not significant. Therefore, hypothesis 5 is substantiated.
The results of our hypotheses are shown in Table 2 . Figure 3 demonstrates the final conceptual model of relationships among the four KAs and SECI.
Limitations
There are two limitations in this research. First, the study suffers from potential response bias associated with the informants who are not diverse enough to provide all the necessary information about knowledge assets and knowledge creation. Diversified informants and structured methods of triangulation are perhaps the best method to obtain appropriate data regarding knowledge-creating processes and knowledge assets. Second, our study may not exhaust the content of knowledge assets. We developed the content of knowledge assets according to Nonaka et al.'s [1] definitions. However, their definitions concerning knowledge assets only contain the static and dynamic role of facilitating knowledge creation. It is sometimes difficult to transfer these abstract concepts into concrete contents. Thus, we may need more empirical research to specify the contents of knowledge assets that are appropriate for facilitating knowledge-creating processes.
Conclusion and discussion
This study investigated the relationship among four KAs and four different components of the knowledge creation process, i.e. SECI. Unlike previous research [1, 2, 9] this paper specifies the possible impact of KAs (experiential, routine, conceptual, and systemic) on each component of the knowledge creation process (SECI). The theoretical framework of these relationships is developed according to task characteristicstask orientation and task domain. We argued that the effectiveness of a knowledge creation process depends on the circumstances under which it is used. In other words, we employed a contingency theoretic view, suggesting that knowledge creation processes are influenced by the contexts. The focus is on one specific aspect of the context, namely the nature of the tasks performed by the individuals and groups using the knowledge resulting from the knowledge creation processes. According to Nonaka et al.'s [1] theory, knowledge assets play the role of facilitating knowledge creation. In order to perform different types of task, people may employ different types of knowledge assets. Thus, it is most likely that people may achieve knowledge creation effectively provided that they adopt appropriate knowledge assets. This connection between knowledge creation and knowledge assets may possibly be derived from the task characteristics.
The basic argument is that the knowledge creation processes that an organization should use depend on the nature of the tasks it performs. In order to perform a task effectively, people may adopt the appropriate knowledge assets. Therefore, we identified the most appropriate knowledge asset that may facilitate a certain type of knowledge creation process based on the task characteristics. Both KAs and SECI are categorised in Table 1 according to task characteristics-task orientation and task domain. We conducted empirical research to test our research model.
Our empirical research exercise was based on 204 respondents from organizations in manufacturing, trade, transportation and service industries, computer industries, finance, and academic institutions. In order to categorise the relationships among four knowledge assets and four knowledge creation processes, we employed Pearson and canonical correlation, ANOVA, and regression analysis. The research results only partially support the theoretical framework shown in Table 1 . The results are shown in Figures 1 and 3 . In the former figure, the composite effect of knowledge creation is influenced by knowledge assets. Conceptual Table 2 Results of hypotheses test
Hypothesis
Result Reference Hypothesis 1: The composite effect of knowledge assets is positively related to knowledge creation.
Yes Tables 3,4 ,A5 Figure 1 Hypothesis 2: Compared to other knowledge assets, experiential knowledge assets have a greater effect on internalization.
No Table A8 Figure 2 For hypothesis 4, combination is influenced by systemic KAs significantly, although compared to other knowledge assets this impact is not the most significant. The major contribution of this study is the embodiment of a conceptual framework that specifies the relationships among four different KAs and four different modes of knowledge creation. The implications of the research model in Figures 1 and 3 are threefold. First, our research supports the feasibility of the conceptual model proposed by Nonaka et al. [1] . According to their research, knowledge assets are the key factors that may facilitate knowledge-creating processes. Since this research model only provides a conceptual guideline without any empirical data in supporting the relationships among four different KAs and four different knowledge-creating processes, our research fills this void. As shown in Table 3 , the composite effect of KAs has a significant positive impact on knowledge creation. Moreover, conceptual KAs have the most significant effect, whereas systemic KAs have the least impact. According to the definition of conceptual KAs, they consist of explicit knowledge articulated through images, symbols, and language. In addition, conceptual KAs provide mechanisms and capabilities that facilitate interaction and learning for people from different departments within an organization or from other organizations. Since conceptual KAs support both the static (e.g. articulated symbols) and dynamic (e.g. facilitating interaction) capability of creating knowledge, they are likely to have a significant impact on knowledge creation. Systemic KAs consist of systematized and packaged explicit knowledge. Another important feature of systemic KAs is to effectively protect intellectual properties. Since the major purpose of systemic KAs is to maintain and protect valuable knowledge, this seems to trade off firm-specific knowledge for the flexibility of knowledge exchange. Thus, systemic KAs make the least contribution to knowledge creation. However, the composite effect of KAs is positively related to knowledge creation.
Second, we obtain an implication from each of the two hypotheses that are substantiated by our empirical study. The first of these is the relationships between conceptual KAs and externalization. Our results suggest that conceptual KAs provide the most powerful resource and context to facilitate externalization. Since this result is consistent with hypothesis 3, it is easy to understand the relationships between conceptual KAs and externalization in terms of task characteristics. The second one is hypothesis 5, which identifies the relationships between routine KAs and socialization. Routine KAs provide the most effective mechanism to facilitate the formalizing and sharing of tacit knowledge. Thus, socialization process is achieved.
The final implication comes from the hypotheses that are rejected by our empirical study. Hypotheses 2 and 4 are rejected. As shown in Table A8 , the results indicate that conceptual KAs have a greater effect on internalization than any other KAs do. The experiential KAs have the second greatest effect on internalization. The main purpose of internalization is to convert and embody explicit knowledge into tacit knowledge. In addition, in terms of task nature, internalization is most likely to be achieved while task orientation is process-oriented and task domain is focused. From the perspective of task characteristics, we assumed that experiential KAs have the most significant effect on internalization. Because experiential KAs are appropriate to facilitate the tasks that are process-oriented and domain focused. However, our empirical research suggests that experiential KAs are the most appropriate knowledge assets in facilitating combination. In addition, compared to conceptual KAs, experiential KAs have less impact on internalization.
The possible explanations for this result are threefold. First, experiential KAs contain a lot of tacit knowledge, which is difficult to grasp and share. But they do provide mechanisms that may broadly influence an individual's knowledge-converting activity. For example, experiential KAs support care, love, trust, passion, tension and so on. In short, experiential KAs do not physically provide easy access to a grasp of knowledge whereas they do provide a context or environment that may logically influence knowledge conversion and combining. Since experiential KAs do not lend themselves to articulated knowledge, individuals may not easily acquire and apply existing knowledge. But experiential KAs support the environments that facilitate the converting of knowledge. Therefore, compared to other KAs, experiential KAs are not the most appropriate one for facilitating internalization.
Second, conceptual KAs contain easily articulated images, symbols, and language to convey knowledge. In addition, conceptual KAs also provide mechanisms to facilitate interaction, innovation, and learning. Thus, compared to experiential KAs, conceptual KAs not only provide concrete knowledge, tools, and instructions, but also logically support contexts and climates for facilitating internalization. Therefore, conceptual KAs are more appropriate than experiential KAs in facilitating internalization.
Finally, in order to explain hypothesis 4 or the impact on combination, we have to reconsider the relationships between systemic and experiential KAs. According to Nonaka From a pragmatic standpoint, this study established operational guidelines for knowledge-creating processes, i.e. SECI, as well as knowledge assets. Managers may learn from this study which knowledge assets are most appropriate in facilitating which process of SECI. Thus, the knowledge-creating process may be facilitated effectively by adopting an appropriate tool or context, i.e. knowledge assets. For development and advancement of theory, we may need to identify additional categories of knowledge assets that may facilitate the knowledge-creating process. Future research may focus on extending and refining the taxonomy and content of knowledge assets.
A new 'Cynefin' model [10] is now emerging, which challenges SECI by arguing the characterisation of knowledge creation is oversimplified in SECI. Snowden [10] argues that the paradoxical nature of knowledge should be considered. The Cynefin model emphasizes the role of self-organizing capabilities in informal communities, and identifies a natural flow model of knowledge creation, disruption, and utilization. This model explains the features of knowledge creation from a more comprehensive and realistic perspective than that of SECI. However, more empirical research is needed to examine the feasibility of the Cynefin model and to provide pragmatic guidelines for managers. To explain knowledge creation processes, our study adopts SECI's perspective which is criticized for not appropriately describing knowledge flow. However, we use knowledge assets, which contain a broad categorization of possible mechanisms that facilitate knowledge creation. A similar idea was proposed in previous research [1, 10, 11] . For example, 'just in time knowledge management' in Snowden's model is similar to routine knowledge assets. Our explanations of knowledge assets are broad and comprehensive but not exhaustive.
Future research may adopt the knowledge flows perspective from the Cynefin model to explain knowledge creation processes, and identify the possible mechanisms which can facilitate these flows empirically. The relationship between informal community [10] or virtual teams and social knowledge [12] is also a topic that deserves further analysis. 
